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1 
This invention relates îo the measurement of 
penetrative radiation and more particulary to 
he measurement of relative]y ow energy radia- 
tion such as scattered gamma rays. The prin- 
cipal object of the invention is the provision of 
a device for detecting radiation er comparatively 
low energy such as gamma rays originating in a 
source and scattered witnin a meditm or media 
back to the detector, which detecting device has 
a higher eflïciency than those commonly in use. 
This is a division of my copenc]ing application 
Serial No. 600,865, filed June 22, 1945, now aban- 
doned. 
In the U. S. Leters Patents of D. G. C. Haïe, 
Nos. 2.277,756, 2,348,810, 2,304,910, and in tre co- 15 
]ending application of Herzog et ai., Serial 
574,870, filed January 27, 1945, now Patent No. 
2,536,131, instruments are disclosed fer making 
various measurements sucb «.'.s the thickness of a 
plate or tube wal!, the level of a !iquid in a con- 20 
tainer and the ensi.v of a fl,id in a contaher 
or pipe entirely fron one side er the ob.ject or 
container. In each case gamma rays from a 
source are caused to p.netrate an object, or me- 
d{um and a portion of the ra.ys scattered in and 
'eturned mtgardly of the object or medium are 
measured, thi measurement providing a! Ldica- 
tion of the characteristic desired. In order 
obtain useful and accurate measurements it is, 
of. course, desirable that the instrument used for 
measuring the scattered rays have as high an 
efficiency as posib!e. In instrments of this type 
some pr{mary or di.ect rays, i. e., those emitted 
direct!y from the source also strike the detec- 
tor thus causing false readings to. be obtained. 
It is often difficult t0 minimize the direct rays 
fo the desired extent withont provid{ng large 
masses of shielding material between the source 
and the deteçç0r, and natrally .he larger the 
sbield the farther the detector must be spaced 40 
from the source. It is, therefore , very desirable 
to provide a detector which will bave a greater 
proportiona! response to the scattered rays which 
it. is des{çed to measure than to the direct rays 
which if is desired to minimize. 4 
In accordance with the invention it bas been 
found that metals of high atomic number soch 
as lead, tungsten and the !ike, wheu 1:sed as the 
cathode of the gamma ray detector show . lnsich 
higher efficiency than metals of lower atomic 
number s,ach as bra.ss a.d copDe» when the 
gamma rays to be measv.re,4, bave an energy of 
0.5 megavolt or less. this behg dte to the p,hoto- 
effect. Atthough cat.hode.s of ç!e higher atomic 
number metals are atso nore efficient than the 
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metals of lower atomic number when measuring 
direct gamma radiation, the increase in efficien.cy 
of the higher atomic number metals is propor- 
tionately much greaer when measuring low en- 
ery gamma rays such as those which have been 
scattered in an object or medium than when 
measuring higher energy rays such as the direct 
or primary rays passing direcly fïom the source 
fo the detector. This has been proven exeri- 
mentally and tests ruade with detectors hving 
brass cathodes and detectors having lead cath- 
odes have shown that while in measuring direct 
radiaton there is an increase in efficiency due 
to the !ead of say 20 to 30%, the increase in ef- 
iïcienc%, of the lead in measuring scattered 
amm rays is frequently from one hundred fo 
several hundred per cent. 
Ehe advantages obtainable due fo this increased 
eciency bi. measu-ing characteristics which re- 
quire the detecting of scattered radiation will be 
apparent. Thus, in an instrument such as is dis- 
closed in the aforementioned I-Tare Patent No. 
2,27,75 and i;. the copending Herzog et al. ap- 
plicati.on. Serçal No. 574,870. greater thicknesses 
of an object ca.n be accurately measured with 
the saine amount of radioactlve source or the 
saine thicknesses can be measured with a smaller 
source. Likewise, with . cer[,ain amount of radio- 
active sot.rce a thickn.ess measuring instrument 
in which the detector cathode is formed of lead, 
for instance, can be moved more rapidly over a 
sçrface of the wall being measured than an in- 
struraent with the same size source but having 
a detector cathode of copper or brass and con- 
seqteutly more measurements can be ruade in a 
specified rime. Again, in certain methods oflog- 
iug the formations surrounding a well or bore 
ho!e, gamma l'Py» from a source in the hole are 
caued to penetrate he s,rrounding formations 
wheïein ome o the rays are scabtered back fo a 
detector in the vicinity of the source. When 
in a detector more efficie,nt in measuring scat- 
tered gamma rays than in measuring direct 
gamum rays the instrument can be p.assed more 
rapid]y through the hole with an attendant 
ing of tire.e. 
In tbe îo]iowing, several different forms of 
2amm, ray «]etetors wfil be described, each of 
these detctm.s being pro;dded with a cathode of 
a ruer! having .. high atomic number, prefer- 
ably between 73 and 33. ecause of the compara- 
tive cheapess of lead, this metal will be referred 
fo genera!iy bt]t i is to be mderstood that other 
metais such, Ïor ias!;ance,  tungsten and gold, 
will alD be very satisfactory, as will any of the 
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metals in the following list of elements having 
atomic numbers between 73 and 83: 
Tantalum ........ 73 Platinum ......... 78 
Tungsten ........ 74 Gold ............. 79 
l%henium ......... 75 Thallium ......... 81 
Osmium ......... 7 Lead ............. 82 
Iridium .......... 77 Bmuth ......... 83 
For a better understanding of the invention 
reference may be had fo the accompanying draw- 
ing in vhich: 
Figure î is a somewhat diagrammatic repre- 
sentation of a gamma ray detector or counter 
of a more or less conventional type; 
Figure 2 is a simflar representation of another 
e-mbodiment of the invention; 
Figures 3 and 4 are respectively transverse and 
longitudinal sections through the device of Fig- 
ure 2; 
Figure 5 is a diagrammatic representation of 
another form oî detecter in which the anode is 
disposed at right angles to a bank of cathode 
plates, and 
Figure 6 is a curve showing the outputs of two 
detectors used in measuring the thickness of steel 
plates, one of the detectors having a lead cathode 
and the other having a bïass cathode. 
In Figure 1 is shown a radiation detector or 
counter of a conventional type, this device con- 
sîsting of a rhin walled ruera1 tube P, with a hin 
wire comprising the anode J2 disposed on the 
longitudinal axis of the tube J{} which ïorms the 
cathode. These electrodes are shown as enclosed 
in a suitable sealed envelope or casing  which 
may be a glass tube or a metal container and 
which contains a suitable gas such as a mixture 
of argon and petroleum ether at a fairiy low 
pressure of, for instance, 20 cm. of Hg. A cen- 
tral wire or anode 2 is preferably maintained 
ai a positive potential with respect to the cath- 
ode |0 and a fairly high resistance 1 is con- 
nected in series with a source |6 of a potential 
generally around 900 to 1000 volts. A gamma 
ray striking the cathode 0 may eject an elec- 
tron therefrom-which in turn may ionize the gas 
causîng a discharge to take place with a current 
fiow of the ortier oî a îew microampeïes. This 
causes a large voltage drop across the resistance 
 and by suitably amplifying this vo!tage drop 
by means of an amplifier 8, a mechanical re- 
corder 20 or other device capable of registering 
the discharges of the counter may be actuated. 
The cathode cylinder 0 is formed of a thin sheet 
of about .016 inch in thickness of a metal having 
an atomic number between 73 and 83 since be- 
cause of the high atomic weight and high density 
of these metals there is a much greater like!i- 
hood of electrons being ejected by gamma rays 
of low energy than in the case of m_etals such as 
brass and copper. 
In Figures 2, 3 and 4, a somewhat different 
form of detecter or counter is illustrated in which 
the cathode is formed of a bank of rhin lead 
sheets or plates Sa spaced uniformly apart. 
Midway between each adjacent pair of cath- 
ode plates a plurality, three in this instance, 
of fine wires are stretched so as to be parallel 
to each other and te the plates. The elec- 
trodes are mounted within a suitab]e casing 
or envelope |a as was described with reference 
to Figure î and the plates are connected together 
electrically to form the cathode of the device. 
The wires |2a may a!l be connected together to 
form a single anode or the wires may be con- 
nected in separate groups [.o form a number of 
electrically separated anodes. The wires 2a 
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being disposed in this manner provide the desired 
concentration of the electrical field and itis te 
be understeod that whfle only three cathode 
plates and two sers of anode wires are illustrated, 
5 any greater number may be nsed, this number 
being limited only by the size of the surrounding 
casing or envelope. 
In Figure 5 stfll anothm" form of detecter or 
counter is illustïated, this device compïising a 
10 plurality of rhin, circular, lead sheets or plates 
22, these plates being disposed in separated par- 
allel relation and connected together electricallx 
te form a cathode. Each plate 22 is provided 
with a plurality of holes 24 shown in this instance 
 5 as four in number, and the holes in the bank of 
plates are arranged in alignment in several 
groups or series. Through each seïies of holes 
4 a fine wire  is stretched on the axis of the 
series of hole and the wires are shown as con- 
2O nected together electrically to form the anode of 
the device. In this instance and for the sake of 
clearness, no casing has been shown, but itis te 
be understeod that as many of the plates 22 as 
desired will be arranged in an elongated, pref- 
25 erably cylindrical casing of brass or other suit- 
able material, the casing being filled with a suit- 
able gas as described with reference to Figure i. 
Several detecters or counters of the type shown 
in Figure 5 bave been constructed and found very 
0 satisfactory. As a typical example, one of these 
counters contains a stack or bank of cathode 
sheets or plates which are spaced from each other 
a distance of  of an inch. Each plate contains 
four holes ½ inch in diameter and through each 
35 of the hçles a tungsten anode wire of 3 mil diam- 
eter is disposed. Twelve lead cathode plates, 
each of .016 inch thickness and 2 iches in di- 
ameter, are mounted in a cylindrical brass cas- 
ing four inches in length. Counters of this type 
40 have been used effectively in the instruments de- 
scribed in the aforementioned-patents and co- 
pending patent application. 
In Figure 6 is shown a curve or rather a pair 
of curves which were ruade on two of the counters 
as described in the above paragraph, che of the 
45 counters having a lead cathode and the other 
a brass cathode, both of these counters being 
used to measure scattered gamma rays, i. e., rays 
having an energy of 0.5 megavolts or less. These 
curves were obtained under exactly the same 
50 geometrical conditions and with the saine amount 
of radium. It will be noted that the response 
o.ï the lead cathode counter was substantially 
tvice as great as the response of the brass cath- 
ode counter. 
55 If bas been found advisable to clean the sur- 
faces of the lead sheets or plates before use and 
the following method bas proven very satisfac- 
tory. The lead plates are first dipped for several 
minutes in aqua regia and they are then ira- 
60 mersed for approximately che minute in a boil- 
ing concentrated solution of sodium hydroxide. 
The plates are then rinsed with water, alcohol 
and ether and dried in the open air. After the 
assembly of the counter, itis filled with a mix- 
65 turc of substantially 97% argon and 3% e- 
troleum ether, the filling process consisting in 
evacuating the counter with a rotary pump for 
about three hours without heating the counter. 
70 During thîs process the counter is flushed several 
rimes with argon. The filling pressure of the 
final gas is the saine as for brass cathode count- 
ets, about 20 inche absolute pressure. Tung- 
sten is also an effective metal for these counters 
 when measuring low energy gamma rays and 
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since tungsten is chemically inactive, itis there- 
OEore easy to maintain a clean metallic surîace. 
A commercially obtainable material called "Mal- 
lory 1000" contains over 99% pure tungsten and 
can readily be ïormed into rhin sheets of the 
desired shape and size. 
Obviously many modifications and variations 
of the invention, as hereinbefore set ïortl, may 
be ruade without departing from the spirit and 
scope thereoï and, thereïore, only such limita- 
tions should be imposed as are indicated in the 
appended clairns. 
I claire: 
1. In a process involving detection of gamma 
rays in a detector having an anode and a cathode 
with an ionizable medium disposed between thym, 
the improvement which comprises introducing 
at least some of the gamma rays having an 
energy above a level of about 0.5 megavolts into 
a second medium in which at least solne of the 
introduced gamma rays are partially deenrgized 
below said energy level, introducing at !east 
some of the gamma rays thus deenergized and 
some oï the gamma rays having an energy above 
the 0.5 megavolt level into the detector, and 
providing the cathode thereof with a ruera! of 
a high atomic number which imparts to the 
detector as compared with one provided with a 
metal cathode of low atomic number an increase 
in detection efficiency which is proportionally 
greater for gamma rays below about the 0.5 
megavolt level than ïor gamma rays above said 
level, whereby the detection of the gamma rays 
below about the 0.5 megavolt level is emphasized 
while the detection of the gamma rays above the 
level is deemphasized. 
2. In a process involvng detection of gamma 
rays in a detector havlng an anode and a cathode 
with an ionizable medium disposed between them, 
the improvement which comprises introducing 
a beam oï gamma rays ai least some oï which 
bave an energy above the 0.5 megavolt level into 

a second medium in which at least part of the 
gamma rays are back-scattered and are deener- 
gized below said level, introducing the back- 
scattered gamma rays of the energy level below 
5 0.5 megavolts together with gamma rays which, 
have not been back-scattered and bave an en-. 
ergy level above 0.5 megavolts into the detector, 
providing the cathode thereof with a high atomic 
number metal which imparts to the detector, 
]0 as compared with one provided with a metal 
cathode of low atomic number, an increase in 
detection efficincy which is proportionally great- 
er for gmïama rays below about the 0.5 rnegavolt 
level than for gamma rays above said level, 
5 whereby the back-scattered gamma rays are 
tected with higher efficiency while discriminating 
against the detection of the gamma rays of 
higher energy. 
3. Process according to claire 2 in which the 
0 cathode is of tantalum. 
4. Process according to claire 2 in which the 
cathode is of lead. 
5. Process according to claim 2 in which the 
cathode is of bismuth. 
25 ARNOLD J. F. SIEGERT. 
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